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§^0fEH 503 m 406S 
KR 
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^§!AI ©IT? ej&OUttM 109 

§ 303s 
KR 

oisej 

LEE, Young M i n 

640321-1336917 

449-843 
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1101s 
KR 
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650608-1559716 
442-737 
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OU^M 331 m 1 02s 
KR 

21 33 01|£|8K)i ^21 S" 01 JMtHJCL QHEI°l 
01 2d ^ (oi) 
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[^£!XH] 
[§501] 

[&S2I SggS] 
[CH£l°i2H] 

[^] 



#^ H*}: 2003/8/29 

^6i§S!AH 

mm 

0005 

2003.07.08 
G02B 

S3 g££i:>l 

SEMICONDUCTOR MONOLITHIC INTEGRATED OPTICAL 
TRANSMITTER 

Ah££j^ ^Al5| A|- 

1-1998-104271-3 

oia^ 

9-1998-000339-8 
2003-001449-1 

^3 

KANG.Byung Kwon 

680406-1229710 

442-756 

3 Jl£ ^£!A| §!S!§ S!£!^S2BX|0hn^ 

221 § 1201S 

KR 

^A|3 
CHO.Shi Yun 
680805-1110712 
156-824 

AHM^AI #2^? MSli 1005-26 301s 
KR 
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S^SPI] KIM, In 

[^Sie^eiS] 670403-1011433 

442-736 

988-22! XI AH^OHII- M 706S 1101s 
[^3] KR 

[£g£l S?SSI>I] 0|£9 

S^S^I] RHEE.Do Young 

[^SJ^^aS] 740706-1038018 

137-773 

t^^l AHS^^AI AHS^ AH^2# ^^OmhM 1326-17 

501 § 2101s: 

[^3] KR 

[SXI01l2|^§CH^gSAHW°| LH g] 

[SJHSEH] S[^&x1l AHS^S 

[S3HSIXU 2003.03.28 
[£]AHj^] 

i^xi] mm s xii42£°i ^§011 esi, ^§is ni6o 

£i ^§oii sjth ssi^ A^ m s^t^Lia. chbioj 

01 2i ^ (oi) 

PI^SSJS] 20 3 29,000 SI 

[^^t^s] 2 s 2,000 a 

[^£^§^1 0 2 OS! 

[£JAF§^S] 5 m 269,000 S! 

300,000 SJ 
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[ASH 

917}$. 145} ZL f^£7} ^S^O.^.*) ^>7] Xfl7l i£SSRr *\}2 % 

*$%~ir i^Rr #31 ^ ^S7l5q-; ^7} ^2 %^#<^i #^ zl ifl^- 

[<te£] 

£ 3 
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1020030046204 %^ <£x\: 2003/8/29 

a>JE^l ^ ^3 7) {SEMICONDUCTOR MONOLITHIC INTEGRATED OPTICAL 

TRANSMITTER} 

5. 2^r ^^9] Cf^- d\)d\] ICJ-S. ^ A] 7lS] ^£ M-Ef^^ 51^, 
£ 4^ 5L 3°\] ^3 ^A]7l# i^E^Tr 

£ 5a ^*1 £ 5b^ %S] -gr/^H. 14^ £ 3^ t£ A ]sl ^Til ^ £ 

71 £*t, 

-£ 8^ 5L 3^1 £A]^ ^Ai7l^ -M^^l-71 fl^ 
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<10> olEi^ ^.Alo] ^ 7 >^ 4-5L ^ a^o} 7fl ^ol ,£L^£H 

# ^ff^ ^3tr *]SKr ^S.^- ^Jl# ^^o] 7>^*>£^- 

-H 5^. 0 l&!tr ^ ^r°fl A i 10 Gb/s o]^-, 8 0 km o]#£| 

^ o|^- ^7> ^-n- (erbium doped fiber amplifier: EDFA)£) ^7> &0] 

^ 9Xt= ^S. y>j7 olcf. ^ ^-7>2] W^7l 

^ 7\A ^ofl^ ^ o}^^ i§*l ^Ml±^ ^TgoflA^ 

^ 9X^. 5Eth ^i^f £^-g- 5.^*>:n 

£ ^ 7>^*V Jl#^ ^<0 7l $J ZL^-S ^#71 7l^o] ^A^tf. 

<U> £ l£r 4^ ^-*^l7l^ ^ o. q-Eflfl^ a o V 7 ] 

^-^71(100)^ £-31 elH 7-] (distributed feedback laser diode: DFB 

LD, 110), °W#3MeK isolator: ISO, 120) ^ p]^}-^ (Mach-Zhender 
modulator: M-Z MOD, 130)1- JE^tf. #7l g-SL ^HtKiio)^ -H#^ 

3 #7) n}.*Hffli3] ^2:71(130)^ ^ 3 € ^ 

^115- ^ ^S«rCf. A o V 7l Efl o] 7-1 (110)^ 1^f#4 ^-E.*^ 

^*fl Sfl^A}7l7l.^-f-5.S., Ojl- HV^l e]-7l ^7l ^ 
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1020030046204 #^ <aj*}: 2003/8/29 

efl°l*Kll0)4 #7l 4*}-^ £271(130) 4°H #?1 4°1#3H4(120) 
7> 7fl^fl^4. #7l o>ol^eilolEi(i20)^ ^^S. ^-i- 7lJl, ZL 

£ 2^r ^EflSl 4^. oflofl ^ ^ A] 71^1 ^-#-g- 5L^o)cf. ^-7) 

^^171(200)^ £-5. eflo)^(2l0)4, *f|l ^ *fl2 4°l*3Hel (220,240) 

4, ^31 £27l(electroabsorpt ion modulator: EA MOD, 230)4, ^S.^} # 

^^•71 (semiconductor optical amplifier: SOA, 250)1- 5i^rtr4. #71 ^-3. ^ 

Sfl°l^(210)^ JH#^ <^^0_S. #7) #7fl ^ 

£271(230)^ ^ #^1 Jl# £2*Vcf. a o v 7 1 <2K£31 W^-71 

(250)^ f^*H #^-2-5*1, #7l #7fl ^ ^271(240)^1^0) 

)i#tr4. #71 tiVE*ll ^-#^-71(250)^ #7l #7fl ^ £27l 

(230)<Hl^i ^-^tr ^4t ^(frequency chrip)!: J±#*r4. #7l afll °\ 

°l#ell°lBi(220)^ #71 511 ol7-l(210)4 #71 #31 ^ £271(230) 

a\o)6\] tifl^sH, a o v 7 ] ^ 2 o>ol^eflolE^(240)^ #71 ^711 ^ £271(230)4 
«K£31 ^^-71(250) 4°H1 tifl^l^tq-. ^>7l afli ^ *fl2 4°1#3H^ (220,240) 
^ A A <£^°-3. <£^& ^ *4*l7U, n. 4#*g=o.s. 4#^r 
4. 

ZLE14, ^ l°fl £^1^ 44 ^ ^2fl^ 71(100)^ n 7>^ 

ol J^M 0 !*! ^^171(100) al-g-ol afl-^- JL7>o1d1 ( c^A} 

^ ^ ^ #«*fl 3tr ^ % «oM^>7l 4°l*ellolEi(120)l- € 

t^<L3- 3-§-*fl4 tr4^r £-*)l^°l ojcf. Hl^h 4 -^-^s] 371 7> (^ cm x ^ 

22-6 



1020030046204 <QA- 2003/8/29 

cm) EL*), A -*ff~fi- $n ^3-fr# A>-g-^M %^7) 

(100) 3.7)^ (*MJ cm x ^ cm) IrA^A] -g-*113 0 l c]^ 

°1, 4 Jf^£ -fM*V7l 3*fl ^si- ^^*>7i} 7fl 

t ^4*Kr Bfl-f jEL£L^ ^^171(100)^ ^ ^S.7> nfl-f 34 

<w> £ 2 <*H £A]^ ^ ^Eflo^ ^A]7l(200)^l &<>H, # 

^7l(250)^r (210)21 sj-^- ^ ^Tfl *^ ^S7l (230 HH 

(250)^ ^ tfl^o] ^^oj ^ 5L7}9) -^-g; A]~g-^o) tbCf. 



<15> M. ^-Tgo. ^-^1^^- S|j£*|.7l ^V#*l 3-2-5*1, 

<16> £ *V, a> £ ^ ^ -S. 7 )o) ^ <^>$-§- Jl^^j ^Oj- 

9XA. 

<17> #71*!: &*fl^* «fl^*l-7| fl*H, >£^ofl 4^. 7m ^ofl cf^r 
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1020030046204 #^ <^^>: 2003/8/29 

*fl2 n ^l^Al^l^, ^- 7 i ^ ^s.^ ^13 # 

^ 0 J3£ ^i)^7j^ ^ ^12 ^^7l* ^L^cf. 



^3 ai^ 8M1 ^>7i 

£ 3^ £ ti^3i*v ^uhh 4^ ^ 33 %^7}2) ^-fr q- 

#71 ^^171(300)^ sH-sj 71^(310) #ofl 4^2] ^ 

& ^ (monolithic integration) ^Sf 7>*H , <#7l nf^o] #-g- 
^Al7l7l £-3. ^^Mg 51)01^(450), %M}7) ^tr #31 

71(460) ^ ^tr #£3l W^7l (470)1- i^tf. #7l 

71(300)^ # #£l«- 4^ *U ^ ^12 ^^1 7] (optical attenuator: 
350,360)2}-, (windows, 370)2]-, ^-i&A r #(anti reflect ion layer, 440)4, 

*fll Ml*l ^13 ^(390,400,410)^- ^ 3L#th}. 
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1020030046204 %% ^7}-: 2003/8/29 

<20> o]* r , £ 3 % £. 4# %2^-5\°\ #7] %&*\ 71 (300)3 *fl*h 4^* H^*} 

7ls *M, ^-71 ^ 4^^- ^7l*Rr 4^1-^- i^Vcf. 

<2i> ^ *fl, n-InP *fl^ ti_V£^l 71^(310)^: ^w]^, n. ^°\] ^ ^( 

nliEAl)^- ^^*Vcf. ^hb^ «V£^ 71^(310) ^ 0 H1 n-InP 7-M3 t>}^ # 

<22> 1" *fl, -*7l ^£^1 71^(310) #3 <y <3<(£3. efl^7-]7> 

« ^7>(diff rat ion grating, 315)1- ^tr^. #7] 3*>(315) 
aV£^] 71^(310) i£ ej^ziHfl s| (photo lithgraphy) °l-§-*> 
<*) ^7.} sflei^- #i=. 5L£efl^l>iH#(photoresist layer)* A oM 
513] 71^(310)* ^^*H ^€ ^ 5£4. 
<23> ^ 941 , ^ ^(selective growth)* ©1-g-SM aV^^l 71^- # 

eflo) 7^(450), #31 ^ £2:71(460) £ «KE*ll ##^-7l (470)3 
^1 ifl*l ^13 %^#(320,330,340)* ^^1^4. o] nfl , # 7 1 afll 

*ll3 %^(320,330,340)£: ^ InGaAsP Tfl^H 4^ ^(mutiple 
quantum well)* 3k . afll vfl*l *fl3 %^#(320,330,340)£- 

cf-g- oflui^l wH-^^l-C energy bandgap)* ^#€4. 
<24> ujl M ^^ZL2fl^ ^-g- ^"71 ^1 ifl^l ^3 

(320,330, 340)# #^#l-#3 ^3] o] 
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1020030046204 2003/8/29 

<25> ^ f a o v 7 ] Al^S} cgc^s. iflofl inp 7fl Tfll $J 7112 ##44 

(350,360)4 ^ t-M^I #£^(370)* ^#4*14. 
<26> *fl ( # 7 ] vfl4 7fl3 #^#(320, 330, 340)4, ^) *fll ^ *fl2 

471(350,360)4, ^-71 ^£^-(370) -* 0 M] p-InP A o VJ r #efl£L# (upper 

clad layer, 380)^- *HW4. 
<27> <y^. ^ ^. 7l ^ u iflx| 7113 #^#(320,330,340)4 tfl-§-4^r *IU 

Ml 4 *fl3 ^ ^^"#(390,400,410)^- #7l #JjL #2fl:EL#(380) ^H] ^tr4. 

ol nfl, tfl-g-4^ sflig- #^#(320,330,340) ^ #^-(390, 400, 410)£- 

<28> a}g #4 xflX| 7113 #^-(390,400,410)2] 4°14°H1 i^#4 

^"71 tfJf #efl^#(380)2l 44 1 &A5.4, *lll ^ ^2 

H3I*l(trench, 420,430)1- ^tr4. °14 ^ 4^1"* , #4 

71^(310) ^Hl 511 °1 4 (450), #711 ^2:4(460) ^ ti>£^ll % 

^7l(470)7> ^44. 

<29> o>§ ^ f a o v 7 i ^a] 7 1(300)^ ^ ^. 7 i ^ 7 ] (470)^ <a^oll 

4}-#*fl 7M4 ^.^^(440)^- i2^tr4. 

<30> £ 5a ifl4 £ 5b^ #4 £7.2- = ^-Eflofl nl-s- Aj- 7 ) ^ £^71(460) 

^ ^4 ^5r» -M^^7l 4tr £ 6£r ^>7l #711 

71(460)^ ^3: ^-g- -^^§>7l 4tr S^o]^, £ 7^ #4 aV£*ll ##^7] 
(470)4 ^<8, 4^*§ i^44 4tr S^l^. £ 8£r ^4 ^-tl 
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1020030046204 <H*>: 2003/8/ '29 

7l(300)Sl ^ o. ^^e|. 7 ) £^o]cf. o]t}, i 3 £ 8^: 
^ ^7} ^^171(300)^ ^-g. -g^^sl ^4, 

#71 s)1^7i(460)^ ^>7l 71^(310) ^ ^ #^M: -g- 

-B-^ cil-^ , *)U %^#(320), i]^ ^7>(315) ^ ^^-(390)* 5L^" 

^"7) A]\ ^ ^^-(390)^1 ^^-7> <?]7>sH #71 sflo];*] 

(450) vfl^l ^7)^-ol ^^5]^, ^-71 til-S^l 7l ^(310)5.-^- ^7.>7> ^V 7 j ^ 

%^%-(320)°.£. ^-71 #Jf #^2=^(380) JL^tHo) ^oj 

#^#(320)^5. ol^>^, o]B\^ ^}g\. ^M^] ^-7) m 

#(320) lH9s»fl €4. ^-71 ^7>(315)^ #7l £-5L efl 

oj^(450)o} ^ ^j.^ 7 |^g. ^*Vt}. ^, ^- 7 ) ^^(320) 

°\}*\ ^MD^i ^ ^71 5^ ^7>(315)oll 7]^Q 7l^Jl3. ^E^ 

^, ^71 3)^ ^7>(315)S # ^ 71^^51 4*Jvg- ^ 

^7] 5]^ ^7>(315)ofl ^*fl s^^M a o v 7 ) ^! %A^( 3 20) S^S]^ 

^7] ^Tjl ^ ^2:71(460)^ ^7) «>£^ 71^(310) ^ ^g-fr 

z\^rO] t ^2 S-^#(330) ^ A]2 ^^-(400)* i^-*Vcf. ^7} A]2 % 

^#(330)^ ^7l *fl2 ^ ^(400 HI 9l7}5\^ *I°H] tcfsf zz. ^£7> 

3Hr^. ^"71 ^Tfl ^ ^^71(460)^ ^7l ^3. 5flo]^(450) 

M n ^5L7\ ^ 7}*}^, o]^ °m n ^ # ^(absorptioin edge 

wavelength)^- #7] #2} n^^cf *Vcf. 
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<33> # 7 ) ti> £ ^ ^-^ 7 l(470)^ ^y) tiV£^] 71^(310) ^ -^-g- #^§- -g-°r 

#4 ell:*!, ^13 3M3^(340) ^ m #4 ^(410)^- #7] m % 

^#(340)£: ^7) m ^^-(410)^1 °l7>3fe ^o\) X^E\ ZL *]^°) 

7M°1, #7l ^-^7] (470)^ 

<34> #7l afll ^ *112 ^-^71(350,360)^ #7l *fll vfl^j *fl3 

(320, 330, 340)^1 A>o|A}oloil tifl^sH, zj-zj- ol^tb - ^g^. ^ 

* ^7>A]^Ai #0- #£)Al^Cf. 

<35> Aj-7] ^5L-°-(370)£r ^71 tiV£*)l ^-^71(470)5] oj^ofl «fl*l5]^, #7l 

^13 SH3^(340)4M IH^I^^L*), #71 ^A]7l(300)£l 

o]H ^V^H ^ y oH^S #^*Rr 4*<HH ^"71 ^ 31 o) 

7l(450)o11 04-03 ^ n^l^ ^-g- «J-*HLVtl. 
<36> #71 -^^1-^(440)^ #71 ^^171(300)^1 «>£^1 ^^71(470)^- 

oil #71 -?l£^(370)fil- ^1 #71 #4^71(300)0-) OJ^ollAl tiU} 

<37> #71 *fll tfl^l ^13 ^ (390, 400, 410 )£ A A ^7} 

(450), #71) ^ ^^71(460) SEfe «KE*11 #^7l (470)^1 #^ofl ^^^cf 
#71 afll 43 #^-(390,400,410)^- *\3. &<&a]7]7] ^«fl, #7] #^1- 

(390,400,410) AVolA>olofl^ e ^1^1 #(420,430)°! ^f^cf. 
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£ 5a-b #7l ^^l7l(300)7> £ ^-Efl^ #(515)^ #^Rr 4 
^ i*>3 Jpj ^d** H-Bfxfl^, £. 5b^ ^-7] ^^171(300)71- SLS. ^-Efl^ 
%(5"15)-g- #^*Rr 4 ^ jj-Aj ^Aj-g. u^Hl-uflcf. 51 5a ^ 51 

5b°ll^, ^71 oV^l W#7l (470)^1 ^ ^Hd (530)4, elH 
*|(450)^ ^ ^RI(510)4, #71 ^711 ^ ^S7l(460)^ ^ ^Hd(520)°l 

A <M ^Tfl ^ ^2:71(460)^ ofluj^l lffl=^ol 3.51 , ^7} 

^ eflol^( 450 )^ oflui^l fc^°l 7># 41=}. ^(515)21 ^-Bflofl 4^ 

^"71 #711 ^S7l (460)^1 ^ it- ^"71 -g-3. ^$J-t§ ell (460)3 

^ 4-^Hl tfl*|| ol^*>7fl 5)^1, ^3E^ ##°ll nj-ej- #(315)3 ^7> # 
i 5E^r #7>*M1 ^"71 #51*11 # #3-71(470) ifl4M #3-<g 7><£ 

(amplified spontaneous emission: ASE, 535)£r #7l «KE.*ll #1r-^7l 
(470)3 <##o_3. ^^sl^c-ll, zl # ^7l #7jl ^ ^S7l(460)^S ^1^5} 
^ ASE (535)^ ZL «g^-7> ^3*1 &JL #71 afll #(320 HI ^Slfe 
°H, #(515)3 Sfl^ o>7i^ = ##AJ 7 K300)3 #^ ^<H1 ej^^* 

D l^l7ll ^cf. o]« w 0 >xl§>7l 3*H, ^7] ^ *,} 2 ^-^71(350,360)^ ^7) 
*U ifl^l ^13 #^#(320,330,340)3 A>olA>olofl nfl^sH, zj-zj- %^#°- 
3.^3 #4^5^ E}-# %Aj#C_JL ^, ^7l ^12 

71(360)^ ^-71 ^13 #^#(340)-2.5.-^-Bl <y=^ ASE(535)# ^7) 
A2 %^#(330H1 ^tAl?^, a o v 7 ) ^-^7l(350)fe #71 *fl2 #^#(330) 
jO^^-Ei <^^€ ASE(535)« #£M?H Aj- 7 ] ^ U ^^(320)cll ^cf. u] 
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1020030046204 #^ «J*>: 2003/8/29 

Cfl7l ^o\) ^o] #>g-fMH ^S\^ %o) Qo] t Z}- # 

^71(350,360)^1 <&^s\^ ^SMl sM, !HM ^ ^^-^o] 

#7] ^-^71(350,360)^1 Efcj-oll #^^1 o] nfl, ^-71 

ofl ^3*1 L+^^m #7l ^ #efl = ^(380) ^ tiV^^ll 71^(310) 

°fl ^V^M ^t^. SE^r, #7l ^1 ^-^-i]7l(350)^ ^-71 ^741 ^ ^S7l 
(460) <H1 °J ^ ^ ^7l -g-S J\&*§ 71(450) ^ ^ ^ _o , 

A o v 7l *}7ll ^ ^S7l(460) vfl«q # s}-°J^(hole pile-up) *K V * -g- 

^-71 ^12 #(330)^11 <y^£l^ ^-Sl ^7l7> °j74m* ^41- 
^-f°fl, ^"71 ^12 %^(330)£l ^£7> #^}^=r ^nf. 

JE 6* ^71 #31 ^ ^2:71(460)011 <?l7}-£]^ ^oj-ofl tfl ^ 

#71 ell ol7-l(450)oll ^7>sl^ #^-(I LD )oll ^ ^s)^ , # 

71 ^51*11 ^#^71(470)011 <y7>5l^ ^=( Is0A )^ JI^o} ol^ #7) ^ 
^ ^271 (460)^1 15 dB <>R Vo M 7-1 ^o}- ojo^o)!^ ^-71 

aV£*fl W^-71 (470)^1 ol^. ^jrj. ^ofl ^^-a] s^o] is}-^ oj^V-g- 

£ 7oll £Al^ ol^- ^-^(600)^- #2^, ^7] a>£^l ^-^71(470)^ 
^^tt ^ ^17H1 nj-ej- ^-§-(3:^ ol^-)ol ^-^1^ Jf-^ 7M ^ ( ojaj 
3tt ^ ^7l7> ^-fofl ^-Sl Afl 7 l7> c^ii #7>^ Eft -SL 

al-^H, <y ^Sl^r ^ ^I7l7> ^-fofl^ ^7l7> #7>^-o)l 

"4^ #.^#01 #io+^ ol^-^sj. ^a o Vo1 £ 7011A-1, A ^ A'*r ^71 
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JESfl ^-^ 7 j(470)7> ^ ol^. cg^ofl^ -g-^Hfr SLS. ^ £- #Bfl4 

#1"* M-Efvflol, B ^ B'^r ^7] tiVs^j ^#7l(470)7> til^i^ ojs. ^^o)]^ 

(470)7} ojs. 73°-6]] Aj. 7 l tiV^^] ^ ^71(470)^1 

S1«H, ^7l7> €■ £ tfltb *1 = (chirp)7> iL^-H, 3*113 

#7} ^^171(300)^1^ #33^ o. ^aJz] ^ ol 

cf. °l5l^ ^ ^H3.°^ Sl^H, ^"71 ^-^71(300)^ ^elH *)f% #3 ^ 

7l5]7|- SMJ-^tf. 

£ 8* %2:*>^ , ^71 ^^171(300)1- i^Rr ^^171 S.^ 

3^o} o>ol cfo]cl-^i^-i-(eye diagram, 710, 720 H S^l^H &<=r. ^l^tr ^ 

^"71 %^7l 2-1-^ 3})7l^ iflofl 4V7l ^^17)(300)^- V^O] <g 
3 ^#71, oVol^eflolEi, 4^- i^^Vcf. #71 ^A]7l 

(300)^ S^^- 3)n ^7] 13 ^7>ofl JjUjJ-sJji, ioGb/s^ ^^o] 7 >^s> 

^71 331 ^ ^^71(460)^1 50 -S-^ 3*J-# ^tB}. ^7l ^-3#7l^ 
A oM ^^171(300)^1^ #^5)^ ^71 *H M-^^l # 

7l oH#3M^ ^ 4^- #^4M1 ^^q-. ^"71 sj-^S- 

#71 #3^l7l(300HH #^5lfe # ^<HH ASE-I- ^T^Rr 71^-g; ^^^Vcf. 
£Ajs} w]-^ zy-o], 9 8 km(1600 ps/nm) 3# ^ °r°l (720)4 3# 
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#2) o>o] cfolofzi^ (7l0)o] ^--g-^ol 71)^ ^-Efll- U)-E)-^^- ^ £1^ 

^S7l ^ DFB Bflol^uJ- tiV£^l ^ ^#71 -g-o] #^7> 3.71 ofl ^ 
7]^ 2^4- 71 ofl «1 «fl ^^ol^ *| 7>^ # ^ 

Stb, 1^1 ^£^1 ^3 #4^1 7^ ^711 ^2:7] oil oj 

S^iLS*), #31 ^ ^2:71^1 Sfojc^ ^^-o. 

^S^KH, #7) ^711 ^ ^271^ «V£^1 ^-^71 o] ti]A}t§ ^ 

S. o. ol-g-^ il^s^o S ^ «V£*1] W^7l7f ^-fS) afl^ tJ 

emtf ^ej 71-^cf. 

ti>£^l tt&U} Al^Efloll 

3^ 3-f°fl, ^S.21 ^ji^ #713 ^ Wl-g- 9? tt 

*1 ^ Wl-g-ol ^SlJl, 7]^ol 7fl ^-a. = o.^ ^Jl^ 

7l# 414**1 Cfl^im ^ Ofl^cf. S£ ^. | ^ W ]^.ol 

5.3. oil- E^fl^- A]^Eflo] cfo^v ^Al ^ ^ofl ojo. ^olcf. 
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[3^* 1] 

^ ^ ^£7> a> 7 | ^ ^12 #^-g- 3£^-*Rr 

^31 ^S7l^; 

^71 ^2 %^^lAi ^ ZL ifl-^-S. ^l^A]7l^ ( #71 ^ 

*>3r ^13 if-^Rr W^Ms}-; 

^Itt afll ^ *fl2 ##*)7l» S^-^-g; ^-^ o.^ S}^ #H ^3 

71. 

[^T 1 * 2] 
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A oM =f\Q% A>o)ofl ^-7] 

*\7}^r * 5|-^^-Sr ^-2}-^ ^c^SLsL f>}±± ^^]) $^ #^7l . 

[^t 1 * 3] 

^"71 tiV£*fl ^-^7]^ 7j- £ s- S^^-i- £^lo S # 

4] 

^-71 -g-5L ^-71 ^Tfl ^ ^S7l ^ *V£*fl ^^-71^ ^ 

I^T 1 * 5] 

^14%H1 SU^i, 

^"71 ^Tjl ^ ^^71^ oflui^l wfl = 7^ol 7K> #7j efl 
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